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VHPL DFFRUGLQJ WR $670 &ODVV ) 7KH ORZ ZDWHU FHPHQW UDWLR DQG WKH XVH RI FKHPLFDO DGGLWLYHV GHYHORSHG
VSHFLILFDOO\IRU+9)$&LVWKHZRUNDELOLW\RIFRQFUHWHVOXPSFRQHDWWKHOHYHORIPP
7KHWHVWHGIO\DVKHV
7KHDLPRI WKH UHVHDUFK LV WR VHOHFW WKHPRVW VXLWDEOH IO\DVK IRU WKHGHYHORSPHQW+9)$&IURPGRPHVWLF UDZ
PDWHULDOV)RUWKHWHVWVZHUHVHOHFWHGIROORZLQJFRPPRQO\XVHGDVKHVLQFRQFUHWHLQWKH&]HFK5HSXEOLF
x EURZQFRDOIO\DVKIURPWKHSRZHUSODQW/HGYLFHPDUNHG/
x EURZQFRDOIO\DVKIURPWKHSRZHUSODQW&KYDOHWLFHPDUNHG&
x EURZQFRDOIO\DVKIURPWKHSRZHUSODQW0HOQLNPDUNHG0
x EURZQFRDOIO\DVKIURPWKHSRZHUSODQW2SDWRYLFHPDUNHG2
x FRDODVKIURPSRZHUSODQWV'HWPDURYLFHPDUNHG'

$VWKHUHIHUHQFHIO\DVKZDVVHOHFWHGFRDOIO\DVK'XUUD3R]]RISRZHU/HWKDER6RXWK$IULFDPDUNHG-

7KLVIO\DVKLVFKDUDFWHUL]HGE\XQLIRUPTXDOLW\KLJKILQHQHVVGHFODUHGDQGUDQNVDPRQJWKHWRSTXDOLW\IO\DVKLQ
6RXWK$IULFD4XLWHFRPPRQO\LWXVHGLQFRQFUHWHDVDFHPHQWUHSODFHPHQWLQTXDQWLWLHVRIWHQH[FHHGLQJZW>@
&RPSDULVRQRI&]HFKIO\DVKHVZLWKWKHUHIHUHQFHIO\DVKZDVFDUULHGRXWLQRUGHUWRDVVHVVWKHTXDOLW\RI&]HFKIO\
DVKLQWKHZRUOG7KHDLPRIWKHUHVHDUFKLVWRLGHQWLI\ZKDWGHILFLHQFLHV&]HFKIO\DVKHVE\FRPSRVLWLRQKDYH

$OWRJHWKHUZDVVWXGLHGGLIIHUHQWIO\DVKHVDQGWZRVHOHFWHGFHPHQWVLGHQWLILHGDV&(0$&(0,5DQG
&(0%&(0,,$//5
7KHFKHPLFDODQGSK\VLFDOSURSHUWLHVRIVHOHFWHGIO\DVKHV
&KHPLFDOFRPSRVLWLRQRIIO\DVKHV
5HVXOWVRIFODVVLFDOFKHPLFDODQDO\]HVDUHSUHVHQWHGLQ7DEOH9DOXHVRIFODVVLFDOFKHPLFDODQDO\VLVGLIIHUIURP
WKHYDOXHGHULYHG IURP;5)DQDO\VLV LQ WKH FDVHRIPLQRU FRPSRXQGV DW OHDVW LQ WKH FDVHRI WKHPDMRULW\RI WKH
FRPSRXQGVWKHUHDUHGLIIHUHQFHVLQWKHUDQJHRIEXWWKLVLVWKHGLIIHUHQFHRIWKHVDPHFKDUDFWHULHWKHFRQWHQW
RI&D2DQG6L2LVDOZD\VKLJKHU)H27L2ZHUHDOZD\VORZHUDQG$O2FRQWHQWLVFRPSDUDEOHWRRUORZHULQ
FODVVLFDOFKHPLFDODQDO\VLVWKDQLQWKH;5)DQDO\VLV

&]HFK IO\ DVKHV DUH DFFRUGLQJ WR WKH FODVVLILFDWLRQ JLYHQ LQ >@ EHWZHHQ WKH ORZSRWDVVLXP IO\ DVK FODVV )
DFFRUGLQJWR$670$VVKRZQE\WKHGDWDLQ7DEOHWKHUHDUHQRWH[WUHPHGLIIHUHQFHVLQWKHFRQWHQWRIWKH
VSHFLILHGR[LGHV7KHRQO\H[FHSWLRQLV&KYDOHWLFHIO\DVKZKLFKLVFKDUDFWHUL]HGE\DKLJKFRQWHQWRI)H2$OOWKH
IO\DVKHVKDYHDYHU\ORZORVVRIDQQHDOLQJ/RVVRIDQQHDOLQJVKRZVWKHSURSRUWLRQRIRUJDQLFFDUERQ7KHKLJKHU
WKHRUJDQLFFDUERQFRQWHQWWKHKLJKHUWKHIO\DVKZDWHUQHHGVDQGWKHKDUGHUWKHFRQFUHWHPDGHZLWKWKHDVKDHUDWHG
7KHUHIRUHLWLVUHTXLUHGWKDWWKHVL]HRIWKHLJQLWLRQORVVRIJRRGTXDOLW\IO\DVKZDVPLQLPL]HG

7KHUHDFWLYLW\RIIO\DVKFDQDOVREHDVVHVVHGXVLQJTXDQWLWDWLYH;5'DQDO\VLVXVLQJLQWHUQDOVWDQGDUGHYDOXDWLRQ
E\WKH5LHWYHOGPHWKRG$OWKRXJKUHDFWLYHYLWUHRXVSKDVHLV;UD\DPRUSKRXVLVLQWKLVZD\SRVVLEOHWRFKHFNWKH
FRQWHQWV RI RWKHU QRQUHDFWLYH RU YHU\ OLWWOH UHDFWLYH SKDVH PXOOLWH PDJKHPLWH KHPDWLWH FU\VWDOOLQH VLOLFD
DQK\GULWHDQGWKXVLQGLUHFWO\HYDOXDWHWKHUHDFWLYLW\RIWKHWHVWHGDVKHV

)RUWKHHYDOXDWLRQRIWKHFRQWHQWRISR]]RODQLFSKDVHVZDVGHULYHGLQWKHUHIHUHQFH>@WKHSR]]RODQLFSRWHQWLDO
LQGH[ 33,  3R]]RODQLF 3RWHQWLDO ,QGH[ 7KLV LQGH[ DVVHVVHV WKH DELOLW\ WR SDUWLFLSDWH LQ WKH IO\ DVK SR]]RODQLF
UHDFWLRQOHDGLQJWRDQLQFUHDVHLQORQJWHUPVWUHQJWK'HULYDWLRQRIWKH33,LVEDVHGRQWKHIDFWWKDWFOD\LPSXULWLHV
FRQWDLQHG LQ WKH FRDO FRPEXVWLRQKDYHGLIIHUHQW SURSRUWLRQVRI LOOLWH DQGNDROLQLWH:KLOH WKH FRPEXVWLRQRI FRDO
NDROLQLWHFKDQJHVWRPXOOLWHLOOLWHEHFRPHVWRJODVVSKDVHSR]]RODQGXHWRWKHFRQWHQWRI.20RODUUDWLR.2DQG
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$O2UHIOHFWVWKHUHODWLYHUDWLREHWZHHQLOOLWHDQGNDROLQLWHDQGLVGLUHFWO\SURSRUWLRQDOWRWKHJODVVSKDVHFRQWHQWLQ
WKHDVK,WLVFDOFXODWHGIURPWKHIRUPXOD

        


$XWKRUVZRUN>@VHSDUDWHGEDVHGRQWKHVL]HRI33,IO\DVKHVLQWRWKUHHFODVVHV
x &ODVV±IO\DVKHVZLWKKLJK33,!
x &ODVV±IO\DVKHVZLWKPHGLXP33,!
x &ODVV±IO\DVKHVZLWKORZ33,

33, LV JLYHQ LQ 7DEOH  7KH KLJKHVW YDOXH RI 33, KDV'HWPDURYLFH DVK FODVV  WKH ORZHVW DVK'XUD3R]]D
&ODVVRIWKH&]HFKDVKHVWKHZRUVW33,KDVDVK/HGYLFH
7DEOH&KHPLFDOFRPSRVLWLRQRIIO\DVKHVDQGFHPHQWVVSHFLILFVXUIDFHDUHDGHQVLW\KXPLGLW\DQG33,
 )O\$VK &HPHQW
&RPSRVLWLRQ>@ / 0 & 2 ' - &(0$ &(0%
/RVVRILJQLWLRQ        
&D2        
6L2        
$O2        
)H2        
.2        
1D2HNY        
&D2IUHH        
62        
6L2$O2)H2        
6SHFLILFVXUIDFHDUHD>PNJ@        
'HQVLW\>NJP@        
+XPLGLW\>@        
33,        
*UDQXODULW\RIIO\DVKHV
7KHJUDQXODULW\RIIO\DVKHVDVVHVVHGDVWKHUHVLGXHRQVLHYHRIPPLVWHVWHGDFFRUGLQJWR(1ZHW
VLHYLQJ$FFRUGLQJWRUHVLGXHRQWKHVLHYHPPLQWKHVWDQGDUG(1WKHIO\DVKHVZHUHFODVVLILHGE\WZR
FDWHJRULHV
x &DWHJRU\1PD[LPXPUHVLGXHRQVLHYH
x &DWHJRU\6PD[LPXPUHVLGXHRQVLHYH


 2$OFRQWHQW
2.FRQWHQW33,  
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6FUHHQLQJ ZDV SHUIRUPHG IRU GU\ VLHYLQJ WLPH ZDV  PLQXWHV WKH WHVW VLHYH ZDV ILWWHG OLG WR UHOHDVH ILQH
SDUWLFOHV )RU HDFK IO\ DVK ZDV WZR WLPHV GHWHUPLQHG WKH DYHUDJH DVVHVVHG YDOXH RI D PHDVXUHPHQW HUURU  7KH
UHVLGXHRQVLHYHZDVGHWHUPLQHGDVWKHUHVLGXHRQVLHYHRIPPDQGDOVRUHVLGXHRQVLHYHRIPP)LJ

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








)LJ'HWHUPLQDWLRQRIILQHQHVVRIIO\DVKHVWKHUHVLGXHRQVLHYHPPDQGPPVFUHHQLQJIRUGURXJKWV
$OWKRXJKZHVHOHFWHGWHVWSURFHGXUHGLIIHUHQWIURPWKHVWDQGDUGSURFHGXUHLWLVVDIHWRVD\WKDWDOOWKHWHVWHGDVK
&]HFKVDWLVI\RQO\FDWHJRU\1DQGDVK'XUD3R]]RLVPXFKILQHUWKDQWKH&]HFKDVKHV

,Q7DEOHEHORZDUHSUHVHQWHGWKHUHVXOWVRIWKHIO\DVKHVVSHFLILFVXUIDFHDUHDDFFRUGLQJWR%ODLQH(1
7KHYDOXHVRIVSHFLILFVXUIDFHRIFHPHQWDUHWDNHQIURPVWDWLVWLFVRITXDOLW\SXEOLVKHGE\WKHFHPHQWPDQXIDFWXUHUV

,Q 7DEOH  DUH VHOHFWHG VXEIUHTXHQF\ UHSUHVHQWDWLRQV RI WKH DVK SDUWLFOHV UHVSHFWLYHO\ FHPHQW ZKLFK ZHUH
REWDLQHGE\PHDVXULQJWKHODVHUJUDQXORPHWHUDQGHYDOXDWHGKHUHPHDQSDUWLFOHVL]H'*UDSKLFDOHYDOXDWLRQRI
JUDQXODULW\ LV VKRZQ LQ )LJ *UDLQ VL]H DQDO\VLV RI ODVHU JUDQXORPHWHU VKRZV WKDW 6RXWK$IULFDQ IO\ DVK KDV D
SDUWLFOH VL]H VLPLODU WR WKH WHVWHG FHPHQWV &]HFK DVKHV DUHPXFK FRDUVHU DQG KRZ ELJ WKH GLIIHUHQFH LV LV YHU\
YLVLEOHRQWKHPHDQSDUWLFOHVL]H'7DEOH

)URPWKHHYDOXDWLRQRIDOOWKHSHUIRUPHGJUDQXORPHWULFDQDO\VHVLWLVVKRZQWKDWWKH&]HFKDVKHVDUHVLJQLILFDQW
E\GLIIHUHQW1HYHUWKHOHVVZHFDQGLVWLQJXLVKWZRJURXSVDPRQJ&]HFKJUDLQDVK7KHOHDVWLVILQH0HOQLNDVKDQG
WRJHWKHUZLWKIO\DVK&KYDOHWLFHLWIRUPVDJURXSRIORZIO\DVKHVILQHQHVV)O\DVK'HWPDURYLFHDQG2SDWRYLFHDUH
RQHRIWKHILQHVW&]HFKDVKHV%HWZHHQWKHWZRJURXSVLV/HGYLFHDVK2SDWRYLFHDVKLVFKDUDFWHUL]HGE\KDYLQJD
ODUJHUHSUHVHQWDWLRQRIVPDOOSDUWLFOHVEHORZPLFURQVDQGODUJHSDUWLFOHVDERYHPLFURQV

)RUWKLVUHDVRQWKHHTXLYDOHQWVXUIDFHDUHDRK/HGYLFHDVKDOWKRXJKWKHUHVXOWVRIEDODQFHVRQUHVLGXHRQVLHYH
DUHVLPLODUWRJUDLQ'HWPDURYLFHDVK%DVHGRQWKHVHUHVXOWVZHHYDOXDWH'HWPDURYLFHDVKDVWKHILQHVW&]HFKDVK
7DEOH3DUWLFOHVL]HLQPLFURQVZKLFKDUHUHSUHVHQWHGDWDIUHTXHQF\RIDYHUDJHSDUWLFOHVL]HDQGE\YROXPH
 )O\DVK &HPHQW
IUHTXHQF\ / 0 2 & ' - &(0$ &(0%
 P P P P P P P P
'        
'PHGLDQ        
'        
1RWH,WDOLFVLQGLFDWHWKHODUJHVWVL]HSDUWLFOHVDQGWKHXQGHUOLQHLQGLFDWHVWKHVPDOOHVWSDUWLFOHVL]HIRUDJLYHQIUHTXHQF\
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)LJ$JJUHJDWHJUDGLQJFXUYHRIIO\DVKHVDQGFHPHQWIURPWKHODVHUJUDQXORPHWHU
)LJVKRZVWKDWWKHDVK-LVWKHILQHVWWKHFRDUVHVWDVKLVIO\DVK/DQG2KDVWKHPRVWVSKHULFDOSDUWLFOHV)O\
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)LJ3LFWXUHVIURPWKHHOHFWURQPLFURVFRSHPDJQLILFDWLRQWLPHVD±IO\DVK-$5E±IO\DVK/HGYLFHF±IO\DVK'HWPDURYLFHG±IO\DVK
2SDWRYLFH
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&RQFOXVLRQ
%DVHG RQ WKH UHVXOWV WHVWV RI FKHPLFDO  SK\VLFDO SURSHUWLHV ZDV VHOHFWHG 'HWPDURYLFH DVK VRIWQHVV TXDOLW\
VXLWDEOHJUDLQZKLFKZDVXVHGIRUSURGXFWLRQRIFRQFUHWH&XUUHQWO\WKHUHVHDUFKLQYROYHGLQWKHGHYHORSPHQWRI
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